Background {#Sec1}
==========

Over the last few years, *Acinetobacter baumannii* (*A. baumannii*) has become an important opportunistic pathogen that is widespread in hospitals and other healthcare settings \[[@CR1]--[@CR3]\]. It has the ability to colonize a large variety of surfaces and can survive for prolonged periods under a wide range of environmental conditions \[[@CR4]\]. The emergence of *A. baumannii* strains resistant to broad-spectrum antimicrobial agents in hospital settings has become a major health burden, due to the limited treatment options for infections caused by this pathogen \[[@CR2], [@CR4], [@CR5]\]. *A. baumannii* has to capability to develops resistance mechanisms to a wide range of antimicrobial agents, including carbapenems \[[@CR2], [@CR6], [@CR7]\]. The increasing rates of resistance to carbapenems and other therapeutic options such as colistin and polymyxins is alarming, and have become a health issue of global concern \[[@CR8], [@CR9]\]. The patterns of the spread of resistance is facilitated by complex factors, including the presence of mobile genetic elements, the misuse of antimicrobial drugs, poor infection control practices, and increased international travel \[[@CR10], [@CR11]\]. Recognizing such factors might contribute to the identification of innovative therapeutic targets and lead to improvements in the outcomes of infections caused by this bacterium \[[@CR12]--[@CR14]\]. Several studies from the Gulf Cooperation Council, including in Saudi Arabia, have reported increasing carbapenem resistance among *A. baumannii* isolates \[[@CR6], [@CR15]\]. Following the detection of the first OXA-type carbapenemases in 1985 in a *A. baumannii* isolate, many new types have been discovered and the number of OXA-type b-lactamases is increasing exponentially \[[@CR16], [@CR17]\]. This article reviewed the epidemiology, risk factors and patterns of antimicrobial resistance in *A. baumannii* among different regions of Saudi Arabia and focused on the mechanisms of carbapenem resistance.

Epidemiology and risk factors {#Sec2}
=============================

*Acinetobacter baumannii* is able to cause a spectrum of infections including, lower respiratory tract, blood, urinary tract and wound infections \[[@CR1], [@CR12], [@CR18]\]. Numerous studies in Saudi Arabia have assessed risk factors for infections caused by *A. baumannii* \[[@CR9], [@CR18]--[@CR22]\]. The presence of *A. baumannii* infection or colonization has been investigated among inpatients, healthcare workers and environmental sites in intensive care units (ICU) \[[@CR22]\]. A study in 2001 reported the dissemination of endemic *A. baumannii* strains among ICU patients receiving mechanical ventilation, and tracheal secretions have been found to be a site of colonization among these patients \[[@CR21]\]. In February 2013, *A. baumannii* was also identified during an outbreak in the adult ICU of a tertiary hospital in Riyadh. Senok et al. \[[@CR14]\] found that *A. baumannii* was widely disseminated in the ICU environment, including on a computer mouse and a stethoscope which suggests that healthcare workers may be involved in the transmission of these clones within the ICU. In order to avoid such outbreaks, regimens of enhanced hand washing, staff education and environmental decontamination of critical care areas in hospitals need to be established \[[@CR14], [@CR21]\]. El-Ageery et al. \[[@CR22]\] reported that the risk factors for the infection were mechanical ventilation, surgical interventions, and the presence of other co-morbid conditions. The study revealed a causal link between a contaminated ventilator and subsequent multidrug-resistant (MDR) *A. baumannii*. Studies have found that ICU admission is an important risk factor for ventilator-associated pneumonia caused by *A. baumannii*, and the risk of infections increased among patients over 60 years and those who spent a prolonged time on artificial ventilation \[[@CR19], [@CR23]\]. Indeed older patients are more susceptible to infections due to many factors including, impairment of structure and function of certain body systems and decreasing of immune response that induce other conditions like, catheterization, malnutrition, prolonged hospital stay \[[@CR19], [@CR24]\]. In addition, another study found that the risk of infection due non-fermenting gram-negative nosocomial pathogens, including *A. baumannii,* increased with ICU admission, increase patient's age, the use of catheters or intubation, prior surgery and prolonged hospital admission \[[@CR25]\]. Ballouz et al. \[[@CR26]\] indicated that a prolonged hospital admission is frequently associated with reduction of functionality, and increased exposure to steroids and antibiotics; and these factors seem to impact the mortality of *A. baumannii* bacteremia. A hospital-based, matched case--control study found that the risk factors associated with carbapenem resistant *A. baumannii* (CRAB) in nosocomial infections in ICU include immunosuppression, invasive procedures, central venous catheters, and an endotracheal intubation \[[@CR7]\]. Gastrointestinal colonization by *A. baumannii* in ICU patients is a significant risk factor for spreading antimicrobial resistance, increases disease severity and provides an important reservoir for clinical infections and hospital outbreaks \[[@CR27]\]. Reducing the risk factors for *A. baumannii* infection necessitates essential monitoring steps such as screening high risk patients for colonization, application of ventilator care bundles, shortened duration of ventilation and encouraging oral-gastric rather than nasal-gastric intubation \[[@CR23], [@CR27], [@CR28]\]. One study indicates that mass gathering during pilgrimage (Hajj) season in Holy Makkah is a potential risk for acquiring and transmitting MDR *A. baumannii.* In 2014, pharyngeal and rectal swab samples were collected from 98 pilgrims before and after they traveled to the Hajj to investigate the acquisition of MDR bacteria. *A. baumannii* strains were isolated from 16 pharyngeal swab samples and 26 post-Hajj rectal swab samples; therefore, personal hygiene should be encouraged and monitored to avoid MDR bacterial transmission while performing such rituals in Makkah \[[@CR29]\].

The patterns of resistance and severity of *A. baumannii* infection depend upon the patient's susceptibility to infection as a result of their underlying diseases \[[@CR30], [@CR31]\]. Patients with underlying illness such as DM, cancer, renal impairment and chronic pulmonary disorders have immune deficits that lead to increased susceptibility to infection caused by opportunistic pathogens \[[@CR7], [@CR9], [@CR32]\]. However, individuals with such conditions tend to become at long-term hospitalization and under frequent invasive diagnostic and therapeutic interventions \[[@CR33]\]. Numerous studies indicated that the severity of underlying disease, broad-spectrum antimicrobial use, prolonged hospitalization, ICU stays, the presence of invasive devices, and prolonged mechanical ventilation were risk factors for acquisition of multi-drug resistant *A*. *baumannii* strains \[[@CR7], [@CR25], [@CR34]\]. According to Al-anazi and Al-Jasser, \[[@CR9]\] patients with hematological malignancies and recipients of various types of hematopoietic stem cell transplants are at high risk of developing infectious complications related to *A. baumannii*. In a retrospective study of 61 episodes of gram-negative bacteria occurring in 56 patients with malignancies at King Khalid University Hospital, Riyadh, *A. baumannii* accounted for 18% of infections. The elevated resistance rate among the pathogens isolated from patients with malignancies recommends testing for antimicrobial sensitivity prior to starting antimicrobial treatment \[[@CR35]\]. Clinical data from Saudi Arabia and throughout the world indicated that individuals with diabetes are at greater risk of acquiring a serious *A. baumannii* infection than the rest of the population \[[@CR6], [@CR36]\]. In a descriptive study of 72 patients from hospitals in Makkah and Jeddah Cities infected with *A. baumannii*, 36% had underlying diseases with diabetes mellitus (11%) being the most common \[[@CR31]\]. Between 2006 and 2007, clinical samples were collected from different sites of infection of hospitalized and community patients at major hospitals and medical center across Saudi Arabia, and the *A. baumannii* isolates were all highly resistant to the most common antimicrobial agents \[[@CR37]\]. However, all the isolates were susceptible to imipenem, colistin, but revealed low resistance rates to meropenem (20%). This study suggested that carbapenem resistance in *A. baumannii* might be increased in certain body areas in diabetic patients \[[@CR37]\], and another study indicated that diabetic patients were significantly more likely to carry CRAB isolates in general \[[@CR6]\]. Clonal spread of CRAB among diabetic patients with pneumonia and wound infections has been widely reported in different hospitals and medical centers in Saudi Arabia \[[@CR22], [@CR31], [@CR38]\]. Moreover, previous studies in the country demonstrated that diabetics were infected with specific clones of *A. baumannii* that differ from those found in non-diabetic patients. The high levels of multi-resistance in carbapenems in *A. baumannii* responsible for deep-sited infections of diabetic patients were due to the co-existence and acquisition of diverse carbapenem-resistance genes \[[@CR6], [@CR16], [@CR37]\]. Saudi Arabia is one of the highest prevalence of diabetes among the adult population in the world and 19% of them developed foot ulcers \[[@CR39]\]. It is widely accepted that individual develops foot ulcer infections due to impaired glycemic control and low immune status and most likely being hospitalized \[[@CR40], [@CR41]\]. The emergence of CRAB among patients with diabetic foot ulcers is facilitated by a number of factors including inappropriate antibiotic treatment, the chronic nature of the wound, the frequency of hospital admission and the presence of mobile genetic elements \[[@CR42]\]. Furthermore, peripheral artery diseases associated with diabetic foot ulcers results in poor penetration of antibiotics into the lower limb tissues, thereby promoting selection of resistant bacterial strains \[[@CR43]\].

Emergence of antimicrobial resistance {#Sec3}
=====================================
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Central area {#Sec4}
============

Several studies have tested the sensitivity of *A. baumannii* from Riyadh to a wide range of antimicrobial classes. Among 253 *A. baumannii* isolates collected between 2006 and 2008 from patients at King Abdulaziz Medical City hospital in Riyadh, 92.1% were resistant to meropenem and 79.1% were resistant to imipenem \[[@CR50]\]. Another study found that 96% of *A. baumannii* were resistant amoxicillin/clavulanic acid, 93% were resistant to piperacillin/tazobactam and 92% were resistant to ciprofloxacin \[[@CR51]\]. During 2010, twenty-seven isolates of *A. baumannii* collected from different patients in a tertiary hospital were found to be highly resistant (78%) to ceftazidime, cefepime, and aztreonam. Of these isolates, 24 (89%) were resistant to one or more carbapenem (imipenem and meropenem), 15 (56%) were resistant to tigecycline and eight (30%) were resistant to colistin \[[@CR52]\]. However, colistin and tigecycline combinations with carbapenems and other antibiotics are widely used as the best therapeutic options with high safety profile to treat MDR *A. baumannii* infections \[[@CR64]\]. Such elevated resistance rate against tigecycline and colistin is of great concern since they are widely used for as a limited treatment option for MDR *A. baumannii* infections in Saudi Arabia \[[@CR53], [@CR65]\].

Several studies from the central region of Saudi Arabia have reported that the resistance rates of *A. baumannii* to different antimicrobial classes are increasing over time. A retrospective study conducted at Riyadh Military Hospital during a 6-year period from 2005 to 2010 suggests an increase in multiple resistant patterns among *A. baumannii* isolates from blood culture isolates \[[@CR66]\]. Consistently, another study during a period from 2004 to 2009 at the adult ICU of King Fahad National Guard Hospital have been reported significant decreasing of susceptibility of *A. baumannii* to divers antimicrobial classes, including imipenem, meropenem, ciprofloxacin, and amikacin \[[@CR67]\]. Likewise, Al-Obeid et al. \[[@CR18]\] examined antimicrobial susceptibility of 506, 510 and 936 duplicate isolates of *A. baumannii* collected from a security forces hospital during 2006, 2009 and 2012, respectively. The resistance rates of *A. baumannii* to a variety of antimicrobial agents had changed by the following amounts: 19% (2006) to 89% (2012) for meropenem, 36% (2006) to 91.7% (2012) for imipenem, 54% (2006) to 89.2% (2012) for ciprofloxacin, 71% (2006) to 83% (2012) for amikacin, and 75% (2006) to 83% (2012) for ceftazidime. These high levels of resistance rates attributed to the excessive misuse of meropenem and imipenem and the reduction in the use of amikacin and gentamicin for the treatment of patients with *A. baumannii* infection. Therefore, guidelines for the management of the infection control practices to reduce spreading of MDR *A. baumannii* in hospital settings are needed \[[@CR18]\].

Qassim is the second most populous region, located about 300 km north of Riyadh. A survey of the antimicrobial resistance patterns of clinical isolates was conducted over 1 year (2011) in a major hospital in Buraidah, a city in the Qassim region. *A. baumannii* had high rates of resistance to all of the antimicrobials tested, such as 90% to ciprofloxacin, 89% to ceftazidime, and 66% to trimethoprim/sulfamethoxazole \[[@CR47]\]. In December 2014 to March 2015, a study was conducted in Al-Rass General Hospital in Al-Rass city to determine antimicrobial susceptibility of *A. baumannii* clinical isolates. Interestingly, *A. baumannii* isolates were highly resistant to all tested antimicrobial agents, such as amoxicillin/clavulanic acid (100%), ciprofloxacin (100%), piperacillin (100%), ceftazidime (100%), trimethoprim/sulfamethoxazole (100%), gentamicin (90.9%) and amikacin (80%) \[[@CR49]\]. These figures were escalating that necessitate contentious monitoring of antimicrobial susceptibility along with appropriate infection control measure \[[@CR47]\].

Western area {#Sec5}
============

In the western area, the Makkah region includes the two largest cities (Makkah and Jeddah) with the highest population outside the central region. Millions of Muslims from across the globe arrive annually in Makkah to perform pilgrimage and Umrah. These mass gatherings could be a good environment for spreading multi-drug resistant organisms around the world \[[@CR29], [@CR58]\]. In 2015, a study examined antimicrobial susceptibility patterns of bacterial pathogens recovered from pilgrims visiting emergency care departments in Makkah. *A. baumannii* was found to be highly resistant to cefotaxime (100%), cefepime and ceftazidime (77% each), ciprofloxacin (83%), imipenem (90%) and amikacin (67%) \[[@CR58]\]. These high rates indicate a need to optimize and inspect the use of antibiotics when managing community-acquired infections among pilgrims from different parts of the world \[[@CR58]\]. During a period from 2004 to 2014, several studies in Makkah reported increased antimicrobial resistance in *Acinetobacter* (Table [1](#Tab1){ref-type="table"}). For example, in a study conducted between 2004 and 2005, *Acinetobacter* spp. isolates from septicemic patients were found to be highly resistant to a range of antimicrobial agents, with 92% resistant to cefoxitin, 90% resistant to aztreonam, 87% resistant to amoxicillin/clavulanic acid and 77% resistant to ciprofloxacin. However, only 8% of isolates were resistant to piperacillin/tazobactam and 14% were resistant to imipenem \[[@CR56]\]. This is consistent with another study conducted in two main tertiary care hospitals in Makkah during 2005--2006, which showed that *A. baumannii* was highly resistant to most antimicrobial agents with rates ranging from 50 to 100%. *A. baumannii* was found to be moderately resistant to imipenem, piperacillin/tazobactam and meropenem, with rates of 15 to 40% \[[@CR57]\]. Over 2 years from 2012 to 2014, A total of 107 *A. baumannii* samples were collected from ICU patients at local general hospitals in Makkah and most of the isolates were found to be resistant to cefepime, ceftazidime, and aztreonam \[[@CR17]\]. Another hospital-based, matched case--control study confirmed that *A. baumannii* tends to be resistant to several antibiotics \[[@CR7]\].

Jeddah is another important city in the country's western area, with the second largest population after Riyadh \[[@CR54]\]. From May 1999 to April 2000, a total of 170 isolates of *A. baumannii* were recovered from clinical specimens of patients as King Abdulaziz University Hospital. *A. baumannii* revealed high rates of resistance to the most tested antimicrobial agents, with the exception of imipenem (15%) \[[@CR1]\]. A retrospective study was also conducted over 4 years periods from January 2010 to December 2013 at King Abdulaziz Hospital to analyze the epidemiology and resistance patterns of *A. baumannii*. The prevalence of MDR *A. baumannii* was high throughout this study and increasing from 55% in 2010 to 67% in 2013 \[[@CR20]\]. In 2012, a study investigated clinical isolates of hospitalized patients within all the 12 Ministry of Health hospitals in Jeddah *A. baumannii* counted for 17% (754/4404) of the total gram-negative isolates identified, and the resistance rates were 25% for ceftazidime, 27% for ciprofloxacin, 27% for cefepime, 34% for amikacin, 52% for tazocin, 57% for gentamicin and 66% for imipenem, and no resistance to colistin was detected \[[@CR54]\]. The high rates of MDR *A. baumannii* observed in this area indicates a need for the careful use of antibiotics, improved infection control strategies and continuous surveillance of antimicrobial susceptibility of this pathogen \[[@CR1], [@CR20], [@CR54]\].

The Madinah region includes the second holiest city in Islam (Al-Madinah Al-Monawarah), which lies inland about 400 km north of Makkah. Studies also reported emerging antimicrobial resistance among *A. baumannii* in this region. A 6-month prospective study for the presence of MDR *A. baumannii* infection or colonization on inpatients, health care workers, and environmental sites was done in the ICU of King Fahd Hospital. EL-Ageery et al. \[[@CR22]\] found that all of the *A. baumannii* isolates were considered MDR, and were resistant to imipenem, piperacillin--tazobactam, and commonly used antibiotics including cephalosporines, aztreonam and amikacin. These findings are confirmed by another study on 48 CRAB strains isolated from patients with different types of infection either admitted or attending outpatient clinics at a similar hospital \[[@CR55]\]. This study demonstrated that all of the isolates were resistant to cefoxitin, imipenem, ceftazidime, and ciprofloxacin. However, there were varying resistant patterns to amoxicillin/clavulanic acid, piperacillin, gentamycin, amikacin, and aztreonam \[[@CR55]\]. Implementing proper infection control measures and strict antibiotic policies might be useful in combating the spread of MDR *A. baumannii* in this region \[[@CR22]\].

Eastern area {#Sec6}
============

In the eastern region, many reports demonstrate the existence of CRAB strains in a variety of hospital settings \[[@CR12], [@CR27], [@CR68]\] Abdalhamid et al. \[[@CR12]\] characterized the occurrence of CRAB isolates in a tertiary care hospital from January 2010 to February 2012, and found that all of the *A. baumannii* strains analysed (n = 141) were susceptible to colistin. The percentage of CRAB isolates was 32.6%, with the highest rates of resistance observed for ceftazidime (85.1%), cefepime (73.8%), and ciprofloxacin (69.5%). The resistance rates were 32.6% for imipenem and 33.3% for both meropenem and piperacillin--tazobactam. These rates are similar to those reported elsewhere in Saudi Arabia and in other neighbouring countries, indicating the spreading of CRAB strains. Other authors evaluated the prevalence of CRAB colonization by isolating intestinal microbiota from ICU patients at two hospitals in Dammam and Khobar from January 2014 to June 2014. Aljindan et al. \[[@CR27]\] reported the resistance rates in the CRAB isolates were 100% for ciprofloxacin and cefepime, 62.9% for gentamicin, 51.4% for tigecycline and 40% for amikacin. Moreover, CRAB isolates were significantly (P \< 0.05) more resistant to cefepime, amikacin, gentamicin, tigecycline, and ciprofloxacin in comparison to carbapenem susceptible *Acinetobacter* strains. However, CRAB isolates were not significantly more resistant to colistin than carbapenem susceptible isolates (P \> 0.05). Another study conducted over a 3-month period from March to May 2014 confirmed these findings. Ten CARB isolates from two tertiary care hospitals were found to be resistant to cefotaxime, ceftazidime, cefepime, and imipenem, meropenem and ciprofloxacin; however, they were all susceptible to colistin \[[@CR61]\].

Southern area {#Sec7}
=============

In the southern area of Saudi Arabia, a number of studies have been conducted among clinical isolates of *A. baumannii* from the Aseer and Nagran regions \[[@CR19], [@CR25], [@CR62], [@CR69], [@CR70]\]. The amount of antimicrobial resistance among *A. baumannii* continues to rise, and is considered to be a new threat in the Aseer region \[[@CR69]\]. *A. baumannii* has been found to be highly resistant to several antimicrobial agents in this region (Table [1](#Tab1){ref-type="table"}). In a study carried out between 2013 and 2014 in Aseer Central Hospital, a referral hospital in the Aseer region, *A. baumannii* has been observed to be highly resistant to cefepime (89.8%) ciprofloxacin (82.9%) and gentamicin (81.5%) \[[@CR63]\]. In another study conducted during 2014--2015 in the similar hospital, antimicrobial resistance rates were increased among *A. baumannii* isolates from ICU \[[@CR19]\]. Fortunately, colistin remains effective agents against *A. baumannii* isolates in this a study \[[@CR19]\]. Consistently, high rates of resistance to the common antimicrobial agents have been reported among *Acinetobacter* isolates from patients at different ICUs in King Abdulla Hospital at Bisha province, northern Aseer region \[[@CR70]\].

In the Najran region, a study conducted during a period from October 2012 to March 2013, in a 350-bed tertiary care hospital in Najran city, demonstrated *A. baumannii* isolates that were highly resistant to ceftazidime (91%), trimethoprim/sulfamethoxazole (77.9%), gentamicin (60.3%) and ciprofloxacin 45.6% \[[@CR25]\]. These findings indicate the importance of local resistance data for guiding physicians in determining suitable antibiotics for empirical therapy for infections caused by these pathogens \[[@CR25]\].

Northern area {#Sec8}
=============

Data regarding the antimicrobial resistance patterns of *A. baumannii* in the northern regions are scarce. A study conducted in the Al Jouf region to determine the prevalence, etiological agents, drug susceptibility pattern and plasmid profile of *A. baumannii* isolates from hospital-acquired infections at Community Hospital. *A. baumannii* demonstrated that 7.1% of isolates were resistant to the most commonly prescribed antimicrobial agents \[[@CR71]\]. According to Selim and Hagag \[[@CR71]\], this due to the intense use of antimicrobial agents in the hospital, easy availability and indiscriminate use of these drugs outside hospitals, and many antibiotics are available over the counter for self-medication. These problems, coupled with the increased risk of cross-infection among inpatients, are known to account for increasing the circulation of resistant strains.

Mechanisms of carbapenem resistance {#Sec9}
===================================

The prevalence of CRAB has recently increased exponentially throughout the world, limiting therapeutic options and increasing the morbidity and mortality rates of infections caused by this pathogen \[[@CR33], [@CR52], [@CR72]\]. The resistance of *A. baumannii* to carbapenems is mediated mainly by alterations in the outer membrane proteins, the development of efflux pumps, changes in penicillin-binding proteins, and by the production of different types of beta-lactamases. Beta-lactamases are classified into four classes: A, B, C and, D. Carbapenem resistance is mainly mediated by class B (Metallo-b-lactamases, MBLs), and class D (OXA-type carbapenemases), with class A less frequently implicated \[[@CR12], [@CR16]\]. OXA enzymes, encoded by blaOXA genes, can be classified into eight distinct subgroups, of which OXA-23- like, OXA-24-like, OXA-40-like, OXA-51-like, and OXA-58-like and OXA-143-like have been identified in *A. baumannii* \[[@CR12], [@CR16]\]. The genes coding these enzymes are regulated by upstream insertion sequences (IS), specifically ISAba1, ISAba2, ISAba3, ISAba9 and IS18. These perform a major role in the expression of blaOXA genes and result in increased resistance to carbapenems \[[@CR12], [@CR16], [@CR45]\]. In addition to OXA carbapenemases, transferable MBL families including VIM, IMP, GIM, SIM and NDM enzymes are associated with the resistant phenotype in *A. baumannii* \[[@CR33], [@CR55]\].

The co-existence and wide distribution of many clones of CRAB carrying multiple genetic mechanisms of carbapenem-resistance have been documented in Saudi Arabia (Table [2](#Tab2){ref-type="table"}). In a study conducted in hospitals throughout the country, clinical samples were collected from diabetic patients from 2006 to 2007. Nine strains possessed four novel blaOXA-51-like genes encoding b-lactamases, designated OXA-90, OXA-130, OXA-131 and OXA-132, and four strains contained blaOXA-131 with iSAba1 upstream of the gene structure. In the year 2012, Memish et al. \[[@CR73]\] characterized the molecular basis of carbapenemase production in carbapenem-resistant gram-negative bacteria isolated from hospitalized patients from Saudi Arabia. OXA-23 were found to be the dominant carbapenemases in *A. baumannii*. Moreover, this was the first study in the country reported the coexistence of blaOXA-23 and blaNDM-1 genes and the presence of OXA-72 and NDM-1 genes in *A. baumannii*. Another study conducted in the gulf council countries including Saudi Arabia reported the most common resistant genes among CRAB isolates were the OXA-23-type, followed by the OXA-40-type (OXA-24-type), and the ISAba1 element upstream of blaOXA-51-type \[[@CR33]\]. In the eastern region, Abdalhamid et al. \[[@CR12]\] confirmed that blaOXA-23 carbapenemase is the most common gene responsible for resistance. In another study of 83 isolates collected between 2008 and 2012 from specimens of patients at seven major hospitals in the Eastern region, the blaVIM gene was detected in 94% of isolates, while blaOXA-23-like genes were detected in 58% \[[@CR74]\]. This fits with another study in Saudi Arabia examining the relationship between the resistance mechanisms *A. baumannii* and whether or not affected patients had diabetes. Alsultan et al. \[[@CR6]\] reported the presence of the A blaVIM gene in \~ 95% of isolates; while the blaOXA-23 and blaOXA-40 genes were also prevalent. Diabetic patients were significantly more likely to carry CRAB isolates. In accordance to these findings, a prospective study of CRAB isolates from patients with different types of infection at King Fahd Hospital in Al-Madinah Al-Monawarah demonstrated the presence of the VIM-1 gene in 61.5% of isolates \[[@CR55]\]. Moreover, El-Mahdy et al. \[[@CR61]\]. found that all of the ten carbapenem-resistant *A. calcoaceticus*--*baumannii* complex isolates from the eastern region harbored blaOXA-23-like and ISAba1, and that 9 of them also carried blaADC. Three out of the ten isolates harbored blaNDM-1 coding for NDM Metallo-b-lactamase (MBL), with the coexistence of blaADC together with either blaGES or blaTEM or both. In the year 2014, a study was conducted in two hospitals in Dammam and Khobar to characterize the molecular mechanisms of 35 CRAB isolates from rectal swab specimens from ICU patients. OXA-23 β-lactamase was detected in all of the carbapenem resistant *A. baumannii*, and no IMP-, VIM-, SPM-, SIM-, GIM, KPC-, and NDM-β-lactamases were detected in these isolates; confirming that OXA-23 is the main 42 mechanism of carbapenem resistance in these isolates \[[@CR27]\]. A similar observation was reported in *A. baumannii* isolates from Riyadh. Al-Agamy et al. \[[@CR52]\] found that OXA-23 was the most prevalent acquired resistant gene, and Metallo-b-lactamases have no role in carbapenem resistance in the in *A. baumannii* isolates.Table 2Types of carbapenems resistant genes carried by *A. baumannii* collected from various clinical specimens of patients at Saudi Arabia hospitalsRegionRefs.Year of samplingSpecimensSources of isolatesSettingNo. of carbapenems resistant isolatesTypes of carbapenems genes (%)Across KSA\[[@CR37]\]2006--2007Sputum, urine, blood, ulcerInpatients and outpatients with DMDifferent hospital wards20blaOXA-51 (45); blaOXA-131 (20)Across KSA\[[@CR6]\]2008--2011Blood, respiratory, urine, woundInpatientsICUs196A blaVIM (93); blaOXA-23 (55); blaOXA-40 (30); ISAba1-blaOXA-51 (4)Across KSA\[[@CR16]\]2012Respiratory, blood, urine, abdomen, skinInpatients with DMICUs64blaVIM (92.2); blaOXA-23 (53.1); blaOXA-40 (29.7); blaSPM (28.1)Across KSA\[[@CR73]\]2012Respiratory, skin, wound, urineInpatientsDifferent hospital wards79OXA-51 (100); OXA-23 (97.5); OXA-72 (2.5); NDM-1 (1.2); OXA-23+NDM-1 (1.2)Aseer\[[@CR63]\]2013--2014Tracheal aspirate, sputum, wound and urineInpatientsDifferent hospital wards56blaOXA-23 (85.7); blaOXA-40 (5.4); blaOXA-58 (3.6);Eastern region\[[@CR12]\]2010--2012Respiratory, wound, urineInpatients and outpatientsDifferent hospital wards and adult ICU46blaOXA-23 (80.4); blaOXA-51 (2.2)Eastern region\[[@CR74]\]2008--2012Various clinical specimens^b^InpatientsDifferent hospital wards57blaOXA-23 (58); blaOXA-40 (13); blaVIM (94)Eastern region\[[@CR27]\]2014Rectal swabInpatientsICUs35OXA-23 (100)Eastern region\[[@CR61]\]2014Sputum, blood, wound, nasal swab, pus swabInpatients and outpatientsDifferent hospital wards10blaOXA-23 (10); blaNDM-1 (30)Eastern region\[[@CR68]\]NMSputum, throat, abdomen, catheter and endotracheal aspiratesInpatientsICUs5OXA-23 (100)Madinah\[[@CR55]\]NMWound, sputum, urine, bloodInpatients and outpatientsDifferent hospital wards48VIM-1 gene (37.9)Makkah\[[@CR17]\]2012--2014Blood, and skin woundInpatientsICUs100^a^OXA-51-like (94); OXA-23-like (91)Riyadh\[[@CR53]\]2011NMInpatientsDifferent hospital wards55blaOXA-23 (60.0); blaPER (49.1); blaGES (34.5); blaOXA-24 (3.6)Riyadh\[[@CR50]\]2006--2008Respiratory, wound and burn, blood, urine and other samplesInpatientsDifferent hospital wards253OXA-23 (100); OXA-51 (100); OXA-58 (1.6)Riyadh\[[@CR18]\]2012Tracheal aspirateInpatientsAdults ICU12OXA-51 (100); OXA-23 (91.7); OXA-24/40 (8.3)Riyadh\[[@CR2]\]2006--2014Respiratory, wound and burn, blood, urine, and others samplesInpatientsDifferent hospital wards503OXA-51-like (90.8); PER-1 (76.3)Riyadh\[[@CR52]\]2010Various clinical specimens^b^InpatientsDifferent hospital wards27OXA-23 (63); OXA-24/40 (3.7); ADC (96.3); GES-1 (18.5); GES-11 (11); GES-5 (3.7)Riyadh-Khobar\[[@CR33]\]2011--2013Blood, sputum, urine, respiratory, body fluidInpatients and outpatientsDifferent hospital wards80OXA-51 (100); OXA-23 (93)*ICU* intensive care unit, *KSA* Kingdom of Saudi Arabia, *NM* not mentioned^a^Isolates were positive for extended spectrum beta lactamases^b^Types of clinical specimens were not specified in the study

During 2011, the distribution of b-lactamase genes among 55 consecutive *A. baumannii* isolates with reduced susceptibility to imipenem collected at Prince Salman Hospital. Al-Agamy et al. \[[@CR53]\] indicated that carbapenem resistance was consistently associated with blaOXA-23 or blaOXA-24, whereas low-level resistance was associated with the presence of ESBLs of GES or PER type and/or ISAba1-upregulated blaOXA-51-like. Consistently, Al-Obeid et al. \[[@CR18]\] reported that the main mechanism of carbapenem resistance is mediated by class D-OXA-type enzymes (oxa-23 and oxa-24/40) with carbapenemase activity. From 2012 to 2014, ESBL positive *A. baumannii* isolates (n = 100) from the ICUs of local hospitals in Makkah were genotypically characterized. Ninety-four (94%) of isolates carried the carbapenemase gene OXA51-like, and ninety-one (91%) contained OXA23-like. This molecular diversity of ESBL genes contributes to increasing patterns of resistance which indicate the need for regular screening for ESBL-producing *A. baumannii* \[[@CR17]\]. Another study identified the genetic diversity of OXA-51-like genes using sequence-based typing (SBT) and multilocus sequence typing (MLST) among MDR *A. baumannii* at a tertiary care hospital. Aly et al. \[[@CR50]\] found that SBT demonstrated high OXA-51-like genotypic diversity and showed that all of the isolates were clustered into four main groups: OXA-66 OXA- 69, OXA-132 and other OXA-51-like genes, including OXA-79, -82, -92, -131 and -197. However, more studies are required to explore the molecular mechanisms that confer carbapenem-resistant phenotypes and to investigate the genetic diversity of other OXA-D genes. Another study led by the similar author determined the prevalence and genetic diversity of extended-spectrum beta-lactamase genes, particularly the PER-1 gene among CRAB strains, and the genotyping results of PER-1-like genes showed that 76.3% were positive among MDR *Acinetobacter* isolates. Based on SBT, the majority of these isolates were clustered into three main groups including isolates harboring PER-1: AB11 (bla-PER-1), isolate AB16 (bla-PER-1), and plasmid pAB154 (bla-PER-7) \[[@CR2]\].

Conclusions {#Sec10}
===========

Multiple complex factors related to the hospital environment, patient co morbidities, duration of hospital admission, ICU complexity, intercurrent illness and the usage of antimicrobial agents contribute to the spread of *A. baumannii*. Increasing resistance of *A. baumannii* to several classes of antimicrobial agents is a real concern, and has been found to be a great problem in many tertiary referral hospitals in Saudi Arabia. This dilemma has been documented in many parts of the country and may challenge local health authorities. However, data is still scarce in certain local areas as well as in the northern region. The high rates of resistant *A. baumannii* in Saudi Arabia call for comprehensive surveillance programs to understand the origins and extent of the *A. baumannii* problem in depth. However, developing a local antibiogram database coupled with nationwide antimicrobial stewardship and an infection prevention program might help in improving the knowledge of *A. baumannii* resistance patterns. CRAB is widely distributed, and has become a major cause of healthcare-associated infections in the hospitals' settings. OXA-23 β-lactamase and OXA-51 β-lactamase is a prevalent gene responsible for CRAB, other novel genes such as blaVIM, PER-1-like and GES-5 have been discovered in carbapenem-resistant strains. Research efforts should be focused on the molecular basis of carbapenem resistance; and discovering new therapies for CRAB might contribute to the global effort of combating this pathogen and decreasing the burden of MDR infection.
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